Pediatricians have considered tobacco smoke exposure in the
troubled allergic child an identifiable problem to be faced. McGovern
and coworkers (70) emphasized that allergic disease represents a major
school health problem because children with hay fever, allergic rhinitis,
and asthma account for about one-third of all chronic conditions
reported under age 17. A survey is cited in which it was noted that
asthma accounted for 11.4 percent of all chronic conditions in children
and for 229 percent of days lost from school (8). These clinical
investigators have, therefore, emphasized the need and value of
removing the allergic child from all environmental sources of tobacco
smoke exposure as a valid preventive measure.

Since the chances for progression of disease are more likely to occur
in the face of continued and uncontrolled presence of causative factors,
the potential for chronicity among adults is evident. The magnitude of
the problem can be appreciated by noting the large population surveys
in the United States which estimate that as many as 15 to 17 percent of
the population suffers from asthma or hay fever (97). Thus, to
whatever extent tobacco and/or tobacco smoke play a causal or
contributory role in allergy, if they are ultimately shown to be
allergens, it would be important for allergic patients of all age groups
to take appropriate precautions to avoid exposure.

Effects of Cigarette Smoking on the immune System

That cigarette smoking can affect the immune system has been well
documented in both animals and humans. For purposes of discussion,
these alterations in immune function can be classified as local and
systemic. The local host defense system is comprised of the mucociliary
mechanisms and functionally specialized cells, such as the macrophages
and lymphocytes. Systemic defense mechanisms divide conveniently
along the lines of cellular and humoral immunity.

Microscopic examinations of the respiratory tract mucosa demon-
strate that chronic smoking leads to denuding of the ciliated
epithelium, an increased number of goblet cells, and squamous
metaplasia (89). On the other hand, studies attempting to quantify
toxicity of cigarette smoke to cilia have been difficult to evaluate
because of variation of mucus transport rates both among and within
species studied, differences in techniques used to measure ciliary
activity, and variations in methods and periods of exposure employed.

Studies on the short-term effects of smoke on ciliary function in
vitro and in vivo generally show decreased function. Ciliostasis has
been produced by in vitro exposure of the epithelium of the human
respiratory tract to smoke residue passed through an aqueous medium
(7) and, along with decreased rates of mucus transport, has also been
observed in many animal models (1, 26, 50, 55). However, the effects of
short-term smoking on mucociliary function in man have been
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contradictory. In studies by Yeates, et al. (128) which measured
mucociliary tracheal transport rates, some smokers showed slower
bronchial clearance rates, while others showed little or no change over
nonsmokers. Camner and coworkers (17), on the other hand, found
mucociliary transport to be significantly increased during periods of
intensive smoking (to the point of discomfort) compared to non-
smoking periods.

Studies of long-term exposure have also been undertaken and, again,
both animal and human studies are contradictory. Two studies were
carried out in dogs exposed to forced smoke inhalation. One showed no
change in tracheobronchial clearance (6) while the second, by different
methodology, showed that tracheal mucus velocity was 30 percent of
that found in controls (118).

In a study of 10 pairs of identical twins, discordant with regard to
smoking (16), five of the smoking twins had decreased clearance rates
while the other five demonstrated no differences over controls.
Similarly, Albert, et al. (2) found bronchial clearance impaired in 8 out
of 14 cigarette smokers tested. Lourenco and coworkers (65) found
delayed clearance of particles, particularly in the central airways, at 1
hour after inhalation in nine smokers when compared to controls. On
the other hand, Pavia, et al. (82) found no decrease in the efficiency of
removal of particulate matter in the lungs of smokers compared to
nonsmokers. However, the evidence indicates an adverse effect of
long-term smoking on the mucociliary transport mechanisms and
mucus composition (58).

It is necessary to understand the functions of alveolar macrophages
and lung phagocytic cells as well as the population of immunocompe-
tent lymphocytes in pulmonary tissue in order to appreciate how these
elements and their modification can affect the processing of tobacco
antigen and the resultant production of antibody and cell-mediated
immunity. Since hypersensitivity phenomena are products of the
immune system, these cellular elements can serve as determinants of
allergic inflammation as well as of immunity.

Alveolar macrophages are important to lung function because of
their role as phagocytes, engulfing and digesting particulate matter in
the lung. Also, these cells process antigens and interact with
lymphocytes in immune and allergic processes.

Many studies have examined the effect of smoking on macrophage
function and metabolism. Even though most of these are in vitro
studies, comparison is difficult because of differences inherent in the
human and animal models used. In addition, in some cases, human
subjects or animals were exposed to the smoke before the cells were
harvested, while in others, cells were exposed directly to the smoke.
Other variables included serious differences in amounts and lengths of
exposures, filtration of smoke, and different methods of harvesting
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cells. Nevertheless, it is clear from these studies that profound
alterations in macrophages result from smoke exposure.

One consistent finding concerning the effect of smoking on
macrophages is that the total number is increased in smokers. Keast
and Holt (57) used a special apparatus simulating human smoking in
exposed mice. They found initial and sustained elevations in macro-
phage populations. Other workers (56) also found increased macro-
phage numbers after only 2 weeks of cigarette smoking in humans.
Studies by Pratt, et al. (88) and Harris, et al. (44) showed that smokers
had strikingly increased numbers of macrophages when compared to
nonsmokers and, furthermore, that macrophages accounted for 90 to
95 percent of lavaged lung cells found in smokers. The authors (44)
speculate that increased alveolar macrophages in smokers might play
an important role in pulmonary defense against toxic components of
cigarette smoke. Also important is the possibility that macrophage
accumulations could contribute to the pathogenesis of chronic pulmo-
nary disease by the release of lysosmal enzyme content.

Changes in ultrastructure of macrophages have also been reported in
smokers. Pratt and associates (88) observed that macrophages obtained
in lung fluids of smokers were filled with cytoplasmic inclusions, and
Martin (67) identified multinucleated giant cells in some smokers but
none in nonsmokers. Martin (67) also noted that crystalloid refractile
cytoplasmic inclusions were more common among the smokers. Harris,
et al. (44) found the most salient feature of the macrophages from
smokers to be larger and more numerous lysosomal bodies.

The study by Holt and Keast (47) demonstrated that the immediate
toxic effects of tobacco smoke in vitro were greater in macrophages
than fibroblasts, with surviving macrophages showing an increase in
measured protein synthesis. Keast and Holt (57) also found that the
macrophages from mice exposed to smoke for many weeks were no
longer as susceptible to the untoward effects of smoke and had
apparently adapted to the toxic conditions in a fashion similar to that
seen in the tissue culture experiments.

Enzyme systems have also been shown to be affected by smoking.
Martin (67) demonstrated that increased macrophage acid hydrolase
directly correlated with daily cigarette consumption. Meyer, et al. (79)
examined the effect of various concentrations of nicotine on the
ATPase activity of sheep pulmonary alveolar macrophages and showed
significant inhibition of this activity. Additionally, lower concentra-
tions of this alkaloid stimulated cell respiration while higher concentra-
tions were inhibitory. Kasemir and Kerp (56) recorded decreased
oxygen uptake in sheep macrophages in eontact with tobacco extracts.
The in vitro studies of Harris and coworkers (44) on human alveolar
macrophages demonstrated increased glucose utilization in smokers.

In pertinent studies, macrophage function has been measured by
several methods. Green and Carolin (34), using an in vitro system to
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